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Abstract 
Non-point source pollution is one of the crucial causes leading to degradation of rivers and lake water quality; 
therefore, it has been studied in depth worldwide. However, few studies exploring the effect of terrestrial ecosystem 
nutrient retention function on water quality have been conducted to date. Natural ecosystems such as forests and 
grassland can hold runoff and sediment, thereby reducing the nutrients entering nearby aquatic systems, which is very 
important to improving water quality. Based on the landscape source-sink theory, this study assessed the nutrient 
retention function of ecosystems. The results showed that terrestrial ecosystems retained 78% of the Total Nitrogen 
(TN) within the system, thereby significantly reducing the TN entering the water. The nutrient retention function of 
different ecosystems varied significantly. Forests had the greatest potential capacity to maintain TN, but the actual 
retained TN was only about 10% of that applied to cropland. Because of irrational land use patterns, the potential 
forest intercepting nutrient function was not fully utilized. Specifically, nutrient retention function varied with 
altitude and slope. When the altitude was in the range of 1000 m or between 4000 m and 4500 m, the highest function 
could be attained, resulting to increases or decreases between regions. The nutrient retention function decreased as 
slope increased. The critical source area (CSA) was primarily distributed along the river bank. However, the critical 
sink area which made a high contribution to nutrient reduction did not appear that similar distribution like CSA. The 
critical sink area scatted in the whole basin mainly and only overlapped with the critical source areas in some place. 
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1. Introduction  
Water pollution is a global environmental problem that is more serious in developing countries. 
China is currently in the initial stages of industrialization, and the associated rapid development and 
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construction are producing high levels of pollutants. Many of these pollutants enter water bodies, which 
leads to the deterioration of water quality. The 2010 report on national environmental quality issued by 
the Ministry of Environmental Protection of China showed that surface water in China was generally 
moderately polluted. Furthermore, the average concentration of ammonia in surface water, which is one of 
the primary factors affecting water quality, is worse than water quality standard III. 
The fundamental method to improve water quality is to reduce pollutants entering water bodies, 
including non-point source pollution and point source pollution. Point source pollution can be effectively 
controlled by increasing the recycling of raw materials and improved sewage treatment facilities. 
However, the treatment of non-point source pollution is very difficult because of its dispersion and 
randomness emissions [1]. Accordingly, non-point source pollution has a critical impact on the water 
quality of rivers, lakes and other natural water bodies [2-4]. 
Forests, grasslands and other ecosystems can eliminate part of the non-point source pollution in a 
variety of ways, and play an important role in improving water purification. Vegetation can absorb 
nutrients through the physiological process and store them within the tissue, or release them into the 
environment in other forms. Soil and litter under the forest can decompose and transform nutrients in 
runoff and sediment through the biochemistry process of micro-organisms. Wetlands can slow down the 
runoff carrying nutrients, allowing the nutrients to settle, after which they are broken down further. 
Although the sources, migration processes and mechanisms of non-point pollution have been well 
documented and simulated [5-8], little research on the nutrient retention function of ecosystem has been 
reported at the landscape scale. However, this function not only affects the non-point source model 
performance, but also influences pollution control measures because Best Management Practices (BMP) 
to treat non-point source pollution need to be designed for specific ecosystems or land use patterns. In 
addition, assessment of the nutrient retention function of an ecosystem can enable identification of key 
areas that should be protected. The protection of these key areas will benefit the function of both water 
quality and other ecosystems, even biodiversity. However, related researches have focused on the role of 
riparian vegetation in filtering non-point source pollution [9-12], and little has been done to investigate the 
nutrient retention function of ecosystems and landscape patterns. 
Evaluation of the effects of terrestrial ecosystems on the water quality of freshwater ecosystems from 
both pollution sources and sinks can enable improved non-point source pollution simulation results and 
identification of critical source areas and nutrient retention key areas. Liu et al. (2009) discussed the 
quantitative relationship between landscape patterns and non-point source pollution in the Upper Yangtze 
River basin by using a landscape loading index based on source - sink ecological theory. However, there 
study was simply based on comparison of the relatively indexes and pollution loading was not considered 
[13]. Sang-Woo Lee, 2009 evaluated the impact of land use patterns on water quality from the perspective 
of landscape ecology, but the ecosystem function involved in maintenance of the nutrients was not 
involved [14]. This study was conducted to investigate the nutrient retention function quantitatively from 
both sources and sinks of nutrients, to identify key areas for reducing water non-point pollution, and to 
explore the relationship between the land use pattern and ecosystem function. 
2. Study area 
The study area is located in Baoxing County, Sichuan Province, at longitude 102 28-103 02 and 
latitude 30 09-30 56. The study site has an area of 3100 km2 and a total population of 57,505. The area 
is characterized by a subtropical humid monsoon climate, and has obvious vertical changes due to 
topography. The average annual precipitation is of 1172 mm. The main soil types in the region are yellow 
and yellow brown soil [15]. Forests and grasslands are the dominant land use types and cropland only 
accounts for 2% of the area (62 km2). 
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Fig.1. DEM of Baoxing river basin 
3. Method 
3.1 Nutrient retention function model 
Owing to the simple structure and reduced demand for data, the export coefficient method is widely 
used in evaluation of the relationship between landscape patterns and river water quality; therefore, a 
nutrient retention model was built based on this method [16-18]. The model considered runoff and the 
amount of nutrients in different vegetation types, the ability of ecosystem to filter nutrients, and 
distinguished non-point source pollution sources and sinks. The main calculations in the study were 
conducted as follows: 
First, runoff was calculated based on the water balance water production 
EPR                                                                                  (1) 
where R is the water yield, mm; P is the annual precipitation, mm; E is evapotranspiration, mm. 
Then, the runoff index was calculated as follows: 
        )/( slopeFlowaccLogRI                                                    (2) 
where RI is the runoff index; Flowacc is the accumulated flow; slope is the percent slope. 
Additionally, the hydrological sensitivity index was calculated using the following equation: 
                               wxx RLRIHSS /                                                                      (3) 
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where RIx is the runoff index of the x pixel; RIw is the average runoff index of whole watershed. 
Finally, the actual export amount of nutrients exported from each area to the river was calculated based 
on the export loading and retention. 
3.2 Data and Parameters 
The data required to run the model includes 1:100,000 land use maps, 1:100,000 topographic maps and 
maps of soil depth, soil texture, and soil organic matter. Moreover, two key parameters, the output 
coefficient of nutrients and maintenance factor, needed to be determined. The former parameter reflects 
the eco-system as a source of nutrients to the watershed and the latter indicates the capacity of the 
ecosystems to intercept nutrients coming from upstream. The best method to parameterize these factors is 
the use of field data; however, although a large volume of long-term observations of water and soil loss in 
China is available, the monitoring of nutrient loss is still very limited. As an alternative, agricultural 
statistics regarding the application of chemical fertilizer and livestock development in the study area, as 
well as references to similar areas were used [7, 19-21]. These parameters are listed in Table 1. 
Table 1 water purification model parameters 
Ecosystem Load(Kg/ha) veg_filt(%) 
rice field 25 25 
dry land 30 10 
orchard garden 15 10 
forested land 1 30 
shrub land 1 18 
open forest land 2 15 
other forest land 2 12 
slash 3 15 
native grassland 10 20 
improved grassland 8 20 
town 25 0 
residential 25 0 
mining 10 0 
special use area 10 0 
hydraulic architecture 5 0 
wild grass ground 10 15 
rock & gravel 1 0 
mudflat 5 0 
water area 1 0 
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4. Results and discussion 
4.1 Exported and retained TN 
The loading of TN from different ecosystems varied between 0.01 kg and 169.44 kg/ha.a, with an 
average of 0.36 kg/ha.a. The nitrogen retained by the ecosystem ranged from 0 to 966.2 kg/ha.a, with an 
average of 2.8 kg/ha.a, which accounted for 78% of the exported TN. The TN load in Baoxing was 
generally small, mainly related to higher forest coverage and less cropland, the total TN input to 
watershed was less, and most was intercepted by ecosystems; therefore, the actual TN in the river was low. 
The TN in the river primarily came from three areas, northern, central and south of this basin, and had the 
same distribution within the river valley, indicating that agricultural and urban land are the main sources 
of TN. High value areas of nutrient retention function are overlaid with high nutrient export areas in some 
places, which suggests that these places are both important source areas and sink areas of pollution. 
 
      
Fig.2. Spatial pattern of TN exportation and retention 
4.2 Comparison of ecosystem nutrient retention function 
Table 2 lists the nutrients retained and exported in different ecosystems. In the Baoxing River basin, 
the ecosystem that had the highest function to retain nutrients was not forest, but paddy fields and dry land. 
Paddy fields could retain TN 29.74 kg/ha.a, which was double the amount retained by dry land. Paddy 
fields, dry land and gardens were the most powerful of the first three categories to intercept TN. In 
addition to farmland, grassland also had strong nutrient function, with 7.02kg/ha.a TN being retained. 
When compared to cropland and grassland, forests only retained 1.28 kg/ha.a TN, which was less than 
half of that retained by grassland and only 10% of that retained by paddy fields. The reason for the low 
nutrient retention of forests was the unreasonable land use pattern. In this watershed, most farmland is 
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distributed on both sides of rivers, and is very close to rivers, while forests are high in mountains, far 
away from rivers. As in the upper reaches of farmland, forests could not capture nutrients lost from 
cropland before it entered the rivers. 
When the amount of nutrients retained and exported by ecosystems was compared, the amount of TN 
retained by forests was 1.45 times greater than the amount exported, while that of paddy fields was 0.73. 
These results indicated that the forest could be the sink source to reduce the TN entering the river, but 
farmland was actually the largest source of nutrients, even though it had a strong ability to absorb the 
upstream contaminants. In this watershed, the highest TN retention function of the forest was 966 kg/ha.a, 
while for farmland this value was only 602 kg/ha.a, which was much lower than the maximum holding 
capacity of the forest. These findings indicated that the potential to maintain nutrients was much higher 
for forests than other ecosystems. 
Table 2 nutrient retention function of ecosystems 
Ecosystem Retained 
(kg/ha) 
Loading 
(kg/ha) 
Retained/ 
Load 
rice field 29.74  40.56  0.73  
dry land 10.98  33.74  0.33  
orchard garden 7.60  13.98  0.54  
forest land 1.28  0.88  1.45  
shrub land 1.25  0.88  1.41  
open forest land 1.58  1.76  0.90  
other forest land 1.68  1.92  0.88  
slash 1.92  2.74  0.70  
native grassland 7.02  8.98  0.78  
improved grassland 5.56  9.60  0.58  
wild grassland 5.86  9.48  0.62  
 
The effects of ecosystems in the watershed on nutrients were not only related to the ecosystem 
compositions in the watershed, but also to the spatial distribution of different ecosystems. A typical 
example was the vegetative filter strips placed between sources of pollution and water bodies, which were 
found to be able to reduce non-point source pollution effectively [22-27]. In fact, during the transport of 
non-point source pollution to rivers, two factors had played an important role. One was the cumulative 
pollution process, while the other was the process of pollution loss, which was directly controlled by the 
ecosystem nutrient function. Both of these processes are closely related to the watershed land use patterns. 
Therefore, to improve water quality, land use patterns need be optimized on the landscape scale so that the 
optimum proportion and distribution of cropland, grassland and forest can be determined. Particularly, 
ecosystem conservation and construction must be applied in areas downstream of critical source areas and 
key areas of nutrient retention function. Otherwise, water pollution is still possible, even in areas with 
high forest cover, such as the Baoxing River. 
4.3 Spatial pattern of nutrient retention function 
Figure 3 shows the changes in TN retention by the ecosystem with elevation. In the 0-5000m range, 
there are two peaks, one below 1000 m and one between 4000 m and 4500 m. These findings indicate that 
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retention function decreased first and then increased between both peaks and was primarily in response to 
the distribution of farmland and grassland. Farmland was not only an important source of pollutants, but 
also a sink of pollutants due to the high potential to trap pollutants. However, retention function only 
works when many contaminants come from upstream. By anglicizing the pattern of land use in Baoxing, 
farmland was mainly in the valley below 1000 m to 1500 m, but the grassland was mainly located in high 
mountain areas at 3500-4000 m, which led to variations in the retention function of the ecosystem with 
altitude. 
 
Fig.3. Changes in the nutrient retention functions of the ecosystem with altitudes 
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As shown in Figure 4, the retention function of ecosystems obviously varied with slope. In general, a 
greater slope is associated with reduced ecosystem function. When the slope increased from 5 to 35 or 
more, the retained TN decreased from 7.36 kg/ha to 1.57kg/ha. There were two reasons for these findings: 
1) when the slope became steeper, surface runoff was generated more quickly and the flow rate increased, 
resulted in a stronger ability to carry pollutants and therefore decreased pollutants retention; 2) pollutants 
usually accumulated when it they were transported downstream by runoff. In areas close to rivers, the 
terrain was generally more gentle, which helped ecosystems retain pollutants. 
 
Fig.4. Changes in the nutrient retention function with slope 
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4.4 Critical source area and sink area 
The key to non-point source pollution studies on the watershed-scale is identification of critical source 
areas and sink areas. The former show the locations that contribute the most to the pollution load in rivers 
and the latter indicate places that make a large contribution to reduce the pollution entering a system. In 
the Baoxing River Basin, the coefficient of variation (CV) of the retained TN and the output of TN in 
different locations was high, which suggests that the critical source areas and sink area exists. Because  
the maximum of exported TN was two orders of magnitude greater than the average TN loading, and the 
same the TN retention then ten times the average TN retained and exported were chosen as the standard to 
determine critical source areas and sink areas. 
The critical source area was of 20.25 km2, which accounted for 0.68% of the total area, and contributed 
12.5% of the TN to the River. The critical sink area was of 53.15 km2, which accounted for 1.78% of the 
watershed area, but 34.3% TN (Table 3). When the critical source areas and sink areas were compared, 
the distribution was found to differ. The CSA was primarily located on both sides of the river, while the 
critical sink areas were not only distributed on both sides of the river, but also on other areas in the basin. 
There was no obvious overall trend to focus on in rivers, and even rivers near the source region did not 
completely coincide with the CSA. 
Table 3 Critical source areas and sink areas of TN 
Indicator Area(km2) Area percent (%) Contribution (%) 
Critical source area 20.25 0.68 12.5 
Critical sink area 53.15 1.78 34.3 
 
5. Conclusions 
Non-point pollution has been found to be an important factor affecting water quality. The ecosystem 
can effectively intercept dissolved TP, TN and other pollutants in runoff, which is important for the 
protection of water quality in freshwater bodies. In this study, a GIS model was used to map the water 
purification function in the Baoxing River Basin. The results showed that this model can simulate total 
phosphorus well, but that the simulation of nitrogen is less effective. However, this model still had the 
power to assess the water purification function in watershed. The water purification function of the 
ecosystem showed an obvious trend in space that changed with altitude and slope gradient. Land use 
patterns not only determined the distribution of non-point source pollution, but also affected the 
ecosystem function of the space changes. 
To model the water purification function of the ecosystem was a complex task; however, this model 
highly simplified the process in which pollution was output from the field to streams. The model was 
greatly simplified in that it did not consider the chemical or biological interactions when water goes from 
the source to the target, except for the filtering of pollution by terrestrial vegetation. In fact, over time 
pollutants may enter the water, other contaminants, bacteria or any other substances and processes related 
to the interaction of degradation. 
The key for model application depends on the quality of the different types of land use and pollution 
output coefficients. Developed countries basically have good data that cover long periods of time [28], 
while developing countries such as China do not. Although some micro-scale studies have been conducted, 
the high spatial variability of non-point source pollution has prevented the use of simple extrapolation of 
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data. Therefore, it is vital to develop methods determining basic parameters will greatly affect the model 
application in regional scale. 
Acknowledgements 
This study was sponsored by National Natural Sciences Foundation of China (Grant No. 40871134) 
and GEF (global environment fund) project: Nature Conservation and Flood Control in the Yangtze River 
Basin. Natural Capital Project supported Stanford University, WWF (World Widelife Fund) and TNC 
(The Nature Conservancy) gave more help in InVEST model application. The authors hereby would like 
to express our thanks. 
References 
[1] Pimentel D.World soil erosion and conservation. Cambridge University Press; 1993. 
[2] Bao QSh, Mao XQ, Wang HD. Progress in the research in aquatic environmental nonpoint source pollution in China. 
Journal of Environmental Sciences 1997; 9(3):329-336. 
[3] Boets PCM. Nutrient Emissions from Agriculture in the Netherlands: Causes and Remedies. Water Sci.Technol (G.B.) 
1996;33:183. 
[4] Kronvang B, Græsbøll P, Larsen SE, Svendsen LM, Andersen HE. Diffuse Nutrient Losses in Denmark.Water 
Sci.Technol.(G.B.) 1996; 33:81. 
[5] Brian RB, John CI, John LK, Jr., Anthony S. Donigian, Jr., Robert C. Johanson. The HSPF Users’ Guide, Entitled 
Hydrological Simulation. Program-FORTRAN: User’s Manual for Release 11. Environmental Research Laboratory, EPA/600 
/R293/174, Athens, GA; 1993. 
[6] Gui F, Yu G. Numerical Simulation of nutrient transfer in Jianghan plain Hong fu watershed. Chinese Science Bulletin 2008; 
53(14):1709-18. (in Chinese) 
[7] Liu RM, Yang ZhF, Ding XW, Shen ZhY, Wu X, Liu F. Effect of Land Use/Cover Change on Pollution Load of Nonpoint  
Source in Upper Reach of Yangtze River Basin. Environmental science 2006; 27(12):2407-14. (in Chinese) 
[8] Mohammed H, Yohannes F, Zeleke G. Validation of agricultural nonpoint source (AGNPS) pollution model in Kori 
watershed, South Wollo, Ethiopia. International Journal of Applied Earth Observation and Geoinformation 2004; 6: 97- 109. 
[9] Dillaha TA, Reneau RB, Mostaghimi S, Lee D.Vegetative filter strips for agricultural non point source pollution 
contro1.Transactions of American Society of Agriculture Engineers 1989;32:513-9. 
[10] Hay V, Pittroff W, Tooman EE, Meyer D. Effectiveness of vegetative filter strips in attenuating nutrient and sediment 
runoff from irrigated pastures．The Journal of Agricultural Science 2006;144：349-60. 
[11] Krutz LJ, Senseman SA, Zablotowicz RM, Matocha MA. Reducing herbicide runof from agricultural fields with vegetative 
filter strips: A review. Weed Science 2005; 53:353-67. 
[12] Lowranee RR. Groundwater nitrate and denitrification in a coastal riparian forest. Journal of Environmental Quality 1992; 
21:401-5. 
[13]Liu F, Shen ZhY, Liu RM. The agricultural nonpoint sources pollution in the upper reaches of the Yangtze River based on 
source-sink ecological process. Acta Ecologica Sinica 2009; 29 (6):3271-7. (in Chinese) 
[14] Sang WL, Soon-JH, Sae BL, Ha SH, Hyun ChS. Landscape ecological approach to the relationships of land use patterns in 
watersheds to water quality characteristics. Landscape and Urban Planning 2009; 92:80-9. 
[15] National Soil Survey Office. Chinese Soil Taxonomy. Beijing, China Agriculture Press; 1993. (in Chinese) 
[16] Cai M, Li HEN, Zh YT, Wang QH. Application of modified export coefficient method in polluting load estimation of non-
point source pollution. Journal of Hydraulic Engineering 2004; 35(7):1-20. (in Chinese) 
[17] Long TY, Liang ChD, Li JCh, Liu LM. Forecasting the pollution load of non-point sources imported to the Three Gorges 
Reservoir. Acta Scientiae Circumstantiae 2008; 28(3):574-81. (in Chinese) 
121B. Fu et al. / Procedia Environmental Sciences 13 (2012) 111 – 121 B. Fu et al. / Procedia Environmental Sciences 8 (2011) 111–121 121 
 
[18] Johns PJ. Evaluation and management of the impact of land use change on the nitrogen and phosphorus load delivered to 
surface：the export coefficient modeling approach. Journal of Hydrology 1996; l83:323- 49. 
[19] Cheng WJ, Shi J, Xia YSh, Zhang NM. Farmland Runoff of Nitrogen and Phosphorus in Dianchi Watershed. Journal of 
Soil and Water Conservation 2008;22(5):52-5. (in Chinese) 
[20] Liang ChD, Long TY, Li JCh , Liu LM. Importation loads of non-point source nitrogen and phosphorus in the three gorges 
reservoir. Resources and Environment in the Yangtze Basin 2007; 16(1):26-30. (in Chinese) 
[21] Zhu ZhL. Progress in research of soil nitrogen in china. In soil science society of china editor. Soil science for agriculture 
and environment, Beijing: Science press; 2004, p. 7-9 (in Chinese) 
[22] Cullen P. Land use and declining water quality．Australian Journal of Soil and Water Conservation 199l; 4:4-8. 
[23] Dabney SM, Moore MT, Locke MA．Integrated management of infield，edge of field, and after field buffers．Journal of 
the American Water Resources Association 2006; 42:15-24. 
[24] Muscutt AD, Harris CL, Bailey SW, Davies DB．Buffer zones to improve water quality：A review of their potential use in 
UK agriculture. Agriculture Ecosystems and Environment 1993; 45:59-77. 
[25] Reed T, Carpenter SR．Comparison of P-yield，riparian buffer strips，and land cover in six agricultural watersheds. 
Ecosystems 2002; 5:568-77. 
[27] Schade JD, Marti E, Welter JR. Sources of nitrogen to the riparian zone of a desert stream: Implication for riparian 
vegetation and nitrogen retention. Ecosystems 2002; 5:68-79. 
[28] Reckhow KH, Beaulac MN, Simpson JT. Modeling Phosphorus loading and lake response under uncertainty: A manual 
and compilation of export coefficients. U.S. Environmental Protection Agency, Washington, D.C; 1980. 
